INTRODUCTION
The significance of the conservation of cultural heritage objects has led to a greater interest in the occurrence of biocorrosion processes on the surface of the bricks. The term biocorrosion implies several physical and chemical changes of the materials caused by the metabolic activity of microorganisms. The degradation of materials caused by the activity of microorganisms can be physical and chemical. Physical degradation is caused by penetration, pressure and dimensional growth of biological structures within the materials, whereas chemical degradation is brought about by the excretion of metabolic intermediates or by the end products of metabolism that can have very aggressive or inhibitory role. Apart from these causes, the chemical degradation can also be a consequence of the process of assimilation, when the microorganisms, by means of a mediator (water), use the material as food and energy source for the enzymes activities or for ionic transfer. Also, the appearance of visible microorganisms' growth on the cultural heritage objects due to the colony formation and the fungal pigments impairs their aesthetic value (1) .
Many studies in the field of environmental microbiology have identified microorganisms involved in the biodeterioration process of historic materials (1) (2) (3) . There are papers which have described the procedure of biofilms forming on the objects of cultural heritage (4). Also, there are available experimental data about the growth of microorganisms, with an emphasis on bacteria, linked with the changes of surface properties of medical materials or with an emphasis on water purification systems. However, there are just a few papers linked with the changes of surface properties of ancient materials due to the growth of fungi (5) (6) .
The aim of this paper is to point out the correlation between the growth of fungi isolated from the fortress of Bač and surface properties of the bricks from the fortress. The obtained data indicate the brick susceptibility to biodegradation as a helpful tool in t h e future studies of the degradation of historical materials. The knowledge of the potential of Bač fortress bricks for the fungal growth is necessary for the development of new materials that would have adequate antifungal effect used in the restoration.
EXPERIMENTAL
The work presented in this paper is a part of the investigation conducted with the aim to characterize historical materials of the Bač fortress as the basic information for further formulation and preparation of model substrates with similar characteristics as the historical materials. In order to produce these models, the work was concentrated on four aspects: (i) in situ examination of the walls of the Bač fortress, (ii) sampling of the historical materials and sampling for microbiological analysis, (iii) laboratory investigation of the historical building materials and microbiological samples, (iv) preparation of the model substrates and application of several degradation procedures (weathering of materials). This methodology was set up by a multidisciplinary research team consisting of archaeologists, architects, civil engineers and researchers in the area of materials science, chemistry and microbiology.
The experimental part needed for fulfilling the aim of this paper is highlighted in Figure 1 . The specified steps were necessary in order to set up a correlation between the fungal growth and the surface characteristics of the historical bricks from the Bač fortress. 
Materials
The selected microbiological media were used at various stages of the analysis. The media used for the isolation of the fungi was the Sabouraud Dextrose Agar (HiMedia, Mumbai, India), whose composition was similar to the composition of the microbiological media recommended by Italian researchers (7) . The Czapek-Sucrose-Nitrate Agar with the following composition: (g/L): NaNO 3 3.0; KCl 0.5; MgSO 4 x 7H 2 O 0.5; KH 2 PO 4 1.0; FeSO 4 x 7H 2 O 0.01; sucrose 30.0; agar 15.0; was used for monoculturing. The natural media (soil extract) was prepared based on the known recipes (8) .
The bricks from the Bač fortress, internally labeled as red, yellow and roan, were selected by random sampling, on the basis of the suggestions of the experts from the Regional Institute for the Protection of the Cultural Monuments, Petrovaradin. Those bricks are used as the substrates for examination of their susceptibility to fungal growth.
Methods
Isolation of fungi from the Bač fortress bricks, from an area of about 5 cm 2 of twenty sample points was performed by using a wet swab method. The next step after sampling was the exhaustion of the swab on the appropriate culture media in order to obtain Barnett (1960) and Gorlenko (1976) (9-11).
The spore suspensions in the soil extract were prepared in order to test the potency of the selected fungal growth on the brick samples according to the procedure ISO/DIS 13125 (12) . A volume of 100 µL of the suspension was applied on the surface of the wet brick samples already installed in the Petri dishes containing 5 mL of sterile distilled water. The prepared samples were incubated during a period of 45 days (temperature 23 o C, a w value around 0.99) with the addition of the distilled water in order to maintain a defined humidity of the substrates. For the growth monitoring of the selected fungi cultures on the brick samples, as well as for the identification of the microorganisms the following set of equipment was used: binocular loupe, optical microscope OMANO-OMXTL/V7, Articulated Boom Microscope and stereomicroscope Stereo Microscope OM99T Trinacular, Omano Lindsay Engravers (Virtz, USA).
The contact angle was measured on a Surface Energy Evaluation System, Advex Instruments. The liquid drops of about 5 μl in volume were gently deposited on the brick sample surface by using a micro-syringe. The measurements of the initial contact angle ( ci , after 1s) were performed at five different points for each of the specimens of the examined bricks. Each droplet deposited onto the surface was measured five times.
RESULTS AND DISSCUSION

Sampling and isolation of pure cultures of fungi from the Bač fortress
Twenty samples for microbiological analysis were taken from the Bač fortress by using a wet swab method. The area of sampling and the number of the isolated fungi are given in Table 1 . The total number of different isolates from twenty sampling points was fifteen. After the isolation and application of several selection levels on the isolates from the Bač fortress, four species of fungi were identified. Three isolates (14/3, 17/2 and 17/3) were identified as Penicillium spp. and one isolate (7/1) as Cladosporium sp. All four isolates of the fungi had the ability to grow on the soil extract, which was a crucial fact for the further analysis, because the soil extract simulates scant amount of substances that are essential for the growth and development of microorganisms in the cultural heritage. The other isolated fungi showed no growth potential on the soil extract; they are rated as the contaminators of minor importance. The frequency of the appearance of the four isolated fungi species in the twenty sample microorganisms is shown in Table 2 . It can be seen that the most common fungi on the walls of the fortress of Bač is Cladosporium sp., which may be related to the powder consistency of the fungi.
The fungi isolated from the fortress of Bač belong to the group of commonly isolated fungi from the historical buildings and monuments. Apart from Cladosporium and Penicillium species, the species of Aspergillus, Curvularia, Fusarium, Trichoderma, Acremonium are often isolated from the ancient stone monuments (13) . On the monuments there are two major morphological and ecological groups of fungi that are adapted to the different environmental conditions. In moderate or humid climates the fungal communities are dominated by hyphomycetes, including species of Alternaria, Cladosporium, Epicoccum, Aureobasidium and Phoma. In arid and semi-arid environments, the fungal community shifts towards black yeasts and microcolonial fungi. The black fungi belonging to the genera Hortaea, Sarcinomyces, Coniosporium, Capnobotryella, Exophiala, and Trimmatostroma often occur in close association with the lichen (14). 
Testing of the brick susceptibility to fungal growth
The further microbiological analysis was concerned with the potential of brick samples for the selected fungi growth. There were five variables in the implementation of the experiments: ( i ) three different types of brick samples from the Bač fortress (red, yellow and roan), (ii) cut surface and broken surface of the brick sample, (iii) four different cultures of fungi, (iv) sterile and non-sterile brick samples. All the tests were performed in two recursions (v).
On the surface of 96 samples of the mineral substrates, a volume of 100 µL of the fungal suspension in soil extract solution was inflicted and then the samples were incubated during 45 days. Every five days ad oculi examination of the samples was performed, as well as the examination with a binocular loupe. After 14 days, the growth of Cladosporium sp., Penicillium sp. (14/3) and Penicillium sp. (17/2) was noticed on the non-sterile, broken roan brick and on non-sterile cut red brick, while the growth on the yellow bricks was noticed after 30 days. The samples were examined with a stereomicroscope after 45 days from the start of the experiment. If the fungi growth occurred in one of two identical brick samples, it is considered that the growth of fungi on such sample is possible. The results of the examination of the samples with a stereomicroscope are presented in Table 3 . Table 3 . Results of the examination of bricks surface with a stereomicroscope after the period of incubation 
Contact angle measurements
In order to obtain an insight into the impact of the microorganisms' growth on the surface of the brick samples, the changes of contact angle value were measured before the application of fungi suspension and after the defined incubation period. The results of the performed measurements are presented in Figure 4 . In the case of all examined brick samples an increase of the contact angle value after the incubation period was observed (Figure 4) . These results confirm that the fungal growth on the brick samples increases the surface stability. This is particularly evident in the case of the broken roan brick sample. The measured contact angle value for this sample was 96.27 o after the period of incubation. Based on the results shown in Table 3 and Figure 4 , it can be concluded that the broken roan brick is highly susceptible to biocorrosion processes.
CONCLUSION
The study has established a correlation between the growth of the fungi isolated from the bricks of the Bač fortress and their surface properties (contact angle values). Furthermore, the biosusceptibility of the historical bricks was assessed based on the artificial inoculation of the selected fungi in the appropriate environmental conditions for the fungal growth. The isolation and identification of the fungi showed a dominant presence of Penicillium and Cladosporium at all sampling points. Furthermore, the growth of Cladosporium sp. was observed in the case of 58.33% of the brick substrates. This fungus is considered as the most important biodeteriogenic factor of the bricks from the Bač fortress. Based on the obtained results of the contact angle measurements and the bioreceptivity of the bricks, it can be concluded that the cut red brick and the broken roan brick are the most susceptible to biocorrosion.
The presented results are very useful for the future conservation treatments in the Bač fortress historical heritage. In order to obtain a complete picture about the mechanisms of biodegradation of the historical bricks in the real environment, it is necessary to relate the data presented in this work with the mineralogical composition and textural properties of the examined brick samples.
